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广泛的应用。本研究以地衣芽孢杆菌 CGMCC 2876 为出发菌株，将其胞外聚合
物---多糖生物絮凝剂提取、分离纯化，最后将其应用于刚果红废水和含 Pb2+废水
的处理。主要研究内容及结果如下： 
（1）使用 3 倍体积无水乙醇沉淀发酵上清液，在 pH=9 条件下静置 4 h，
再经过 DEAE Sepharose Fast Flow 离子交换层析和 Sephacryl S-400 High 
Resolution 凝胶层析后，得到一种多糖，分子量为 4.47×105 Da，纯度为
96.4%，多糖的最终得率为 7.74%。该多糖含有中性糖 32.43%、氨基糖 5.16%
和糖醛酸 1.22%，单糖组分及摩尔比为葡萄糖醛酸:半乳糖:氨基葡萄糖=1:5:1.7。 
   （2）对刚果红废水的脱色，多糖生物絮凝剂的最佳投加量为 100 mg/L，加
入阳离子盐 FeCl3·6H2O，自然沉降 90 min，对刚果红的脱色率高达 98.4%，效
果优于聚丙烯酰胺。处理含 Pb2+废水，体系中多糖生物絮凝剂浓度为 10 mg/L，
调溶液 pH 7，Pb2+浓度为 100 mg/L时，对 Pb2+的吸附量为 1473.7 mg/g。添加阳
离子盐 KCl 和 CaCl2对多糖生物絮凝剂吸附 Pb
2+有促进作用。 
















Polysaccharide bioflocculant is an extracellular polymer isolated from microbial 
fermentation broth. Due to its biodegradability, non-toxicity, harmlessness and no 
secondary pollution, polysaccharide bioflocculant has a wide range of applications. In 
this study, Bacillus licheniformis CGMCC 2876 was used as the starting strain, and 
the extracellular polymer---polysaccharide bioflocculant was isolated, purified and 
analyzed. Finally, it was used in Congo red wastewater and Pb
2 +
 wastewater 
treatment. The conclusions are as follows:  
(1) The cell-free supermatant was mixed with three folds the volume of ethanol, 
adjusted to pH=9 and left for 4 hours at 4°C. Fast Flow ion exchange chromatography 
and Sephacryl S-400 High Resolution gel chromatography were followed for 
purification. Mw of the polysaccharide product was 4.47 × 10
5
 Da, with 96.4% purity, 
7.74% final extraction rate. It contains 32.43% neutral sugar, 5.16% amino sugar and 
1.22% uronic acid. The monosaccharide components and molar ratio is glucuronic 
acid: galactose: glucosamine = 1: 5: 1.7. 
 (2) To treat Congo red wastewater, the optimum dosage of polysaccharide 
bioflocculant is 100 mg/L, with an addition of cationic salt FeCl3 • 6H2O,  the 
decolorization rate of Congo red is as high as 98.4%, which is better than 
polyacrylamide. In addition, with the condition of 10 mg/L polysaccharide 
bioflocculant, pH=7, the adsorption of Pb
2+ 
is 1473.7 mg/g. Adding cationic salt KCl 
and CaCl2 solution promoted the adsorption of Pb
2+
 by bioflocculant. 
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第一章 绪 论 
1 
 










Table 1-1 Common flocculant producing bacteria 
产絮凝剂菌株 产絮凝剂菌株 
细菌 放线菌 
Aeromonas 气单胞菌属 Nocardia calcarca 石灰壤诺卡氏菌 
Agrobacterium sp土壤杆菌属 Streptomyces vinaceus 酒红色链霉菌 
Alcaligenes cupidus 壳产碱杆菌 Streptomyces griseus 灰色链霉菌 
Alcaligenes latus 协腹产碱杆菌 真菌 




Aspergillus sojae 酱油曲霉 




Klebsiella sp  
克雷伯氏杆菌属 
Paecilomyces 拟青霉属 




























Gyrodinium impudicum 螺旋藻 
Phormidium sp 席藻属 
 
表 1-2 胞外多糖生物絮凝剂的概况 
Table 1-2  Overview of extracellular polysaccharide bioflocculants 
产絮凝剂菌株 主要成分 组成成分 分子量 
Agrobacterium sp.
[5]












 糖蛋白 28.5%蛋白质、69.7%多糖 2.574×104 
Bacillus clausii
[8]



































































































表 1-3 胞外多糖的物理提取方法[22] 
Table 1-3  Physical extraction methods of extracellular polysaccharide  
方法 体系 
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